Background: Online substance-use interventions are effective in producing reductions in harmful-use. However, low user engagement rates with online interventions reduces overall effectiveness of interventions. Identifying optimal strategies with which to engage users with online substance-use interventions may improve usage rates and subsequent effectiveness.
Introduction
Online interventions have been developed for a range of substance-use issues including alcohol reduction, tobacco and cannabis smoking cessation. 13 Typically, they are delivered or supported via the internet and include web-based interventions such as internet-operated therapeutic software and online counselling and therapy. Meta-analyses have demonstrated effectiveness of online and computer-based substance-use interventions (SUIs) on behaviour change; 47 however, engagement with the interventions remains a challenge. 8, 9 Engagement broadly refers to how the user interacts with the technology, typically measured by web-metric usage data. Engagement related behaviours include accessing the intervention website for the first time, using the intervention website and its features, as well as revisiting the website. 10 Issues such as low login rates and limited use of intervention features are consistently reported in the literature with only a minority of participants returning to the online intervention. 1113 Studies suggest a doseresponse relationship between the level of a user's engagement and the effectiveness of an online health intervention. 1417 Whilst this association may also be due to reverse causality, such as when a user experiences better outcomes they are more likely to engage, it is plausible that engagement increases effectiveness and online intervention components are important strategies to improve rates of engagement. 10 Additional individual and environmental level factors have also been hypothesised to influence engagement; 1820 however, this review is focusing solely on technology-based intervention strategies.
Previous reviews have examined engagement strategies predominantly for internet-based health behaviour change interventions. An early systematic review by Crutzen et al. 10 examined strategies that facilitated exposure to internet-delivered health behaviour change interventions for adolescents. Eight out of 17 of the included studies were targeting substance-use, utilising strategies of targeted communication, customisation of information, tailoring, professional and peer support, interactivity, reminders and incentives. Two studies examining SUIs examined the effectiveness of engagement promoting strategies (EPSs) compared with a control, with neither study reporting significant differences for interactive or tailored features. By the term 'tailored', we refer to a process whereby intervention components are individualised to specific characteristics or needs of users, such as tailoring text messages to gender or drinking behaviours. 21 When including all types of health behaviour change interventions the authors reported that multi-component strategies were the most effective. Brouwer et al. 9 also examined exposure to internet-delivered health promotion interventions with qualitative descriptive analyses. Twenty-seven out of 64 studies in the Brouwer et al. 9 study were targeting substance-use including EPSs of interactivity, peer and counsellor support, email/ phone contact and frequent updates. The authors reported that the most effective strategies peer and counsellor support and email or phone contact.
Schubart et al. 22 examined internet behavioural interventions for chronic health conditions in adults, using a positive deviance approach, where engagement strategies were compared between five studies with the highest, and five with the lowest attrition rates. However, none of the three studies included in the Schubart et al. 22 study including SUIs were included in this comparison. Overall, the authors reported that tailoring, social support and updated material contributed to reducing non-engagement. Finally, Alkhaldi et al. 23 conducted a review on the use of prompts to improve engagement with digital interventions and reported borderline positive results for prompts compared with no strategy.
Previous reviews have examined EPSs across a broad range of healthcare issues; 9, 10, 22, 23 however, no review has focused only on online SUIs. With the exception of Alkhaldi et al., 23 who focused on prompts for both online and offline interventions, no systematic review has been conducted on EPSs for online interventions since 2011. Furthermore, with the fast-paced development of new technologies, no review has included the use of smartphone or tablet based interventions. Finally, there is a lack of reviews considering only high quality randomised controlled trials (RCTs). As healthcare interventions moves towards mhealth, this review addresses the gap in the literature by examining the most up-to-date EPSs, considering only the studies of rigorous RCT design, to inform the development of future interventions.
The aims of this systematic review were: (1) to identify the most prevalent EPSs utilised to increase use of online SUIs; (2) to determine whether the identified EPSs increased engagement with online SUIs.
Method

Design
Systematic review of RCTs, following Cochrane methodology and Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) guidelines. 24 The review was registered with PROSPERO (CRD42016038874).
Definitions
Online health interventions. This review targeted online health interventions delivered or supported via the internet. 25 This included but was not limited to smartphone apps, intervention-based websites, and onlinedelivered computer and tablet-based interventions. The definition of online SUIs also includes online 2 DIGITAL HEALTH interventions which can be used offline (e.g. apps). Online health interventions are differentiated from digital interventions, which are not dependent upon delivery or support from the internet, such as an analogue pedometer or a CDROM based computer program. 26 Online SUIs were chosen because they represent the most up-to-date technology which is likely to supersede analogue (offline) interventions in the future.
Engagement. Engagement was defined by a user's interaction with the intervention. This may be visiting a particular aspect of the online intervention or completing a task such as filling out an online diary. Engagement also included how long or how often the participant used the online intervention. Previous research examining engagement has reported a range of engagement outcomes including: number of logins to the intervention; time-spent on the intervention; specific web-sessions opened and tasks completed.
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EPSs. EPSs were defined as any method used to promote engagement with online SUIs. This includes prompts, tailoring of the intervention to its users; social support, online community and gamification features. Gamification is defined as the use of gaming components in non-gaming settings. 30 
Inclusion criteria
The eligibility criteria were selected based on participants, interventions, comparisons, outcomes and study designs. A start date of 1990 was chosen as it corresponds to the time period when the internet became available.
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Participants. All individuals accessing an online SUI, including, but not limited to, individuals accessing online interventions targeting alcohol reduction and smoking cessation. No age limit was imposed.
Types of intervention. EPSs delivered as a component of an online SUIs designed to increase use of said intervention. These were defined from a scoping review of the literature as prompts, tailoring, social support, online community and gamification features.
Intervention delivery format. Online SUIs as per the definition above including, but not limited to: mobile phones; tablets; web-based interventions; wearable technology with online capability; push notifications including text-messaging; social networks; online social support and social media. 
Exclusion
The following were excluded: (1) trials examining CDROM and computer-based interventions which do not function in an online capacity; (2) trials where attrition from the trial (defined as drop-out attrition or loss to follow-up) could not be disentangled from attrition from the online intervention (defined as non-usage attrition); (3) studies which compared EPSs between different online SUIs; (4) studies which compared EPSs between an online intervention and offline health intervention. For (3) such studies were excluded as the effects of EPSs cannot be disentangled from the active ingredients of the behaviour change intervention.
Data sources and search methods
The search strategy combined online SUIs with engagement outcomes and EPSs limited by study type (RCT). The strategy was based on previously published systematic reviews on online health interventions and engagement with digital interventions 4, 10, 32 and, in the case where systematic reviews had not been conducted on a specific topic, such as gamification, the search terms were based on the existing literature. 33 The Medline thesaurus Medical Subject Headings (MESH) terms were identified, supplemented by keyword searches and relevant filters. The data extraction tool was tested by one reviewer (JM) to determine whether 9 studies 17, 28, 29, 3438 identified from a hand-search of the literature met the inclusion criteria. The Medline search terms are listed in Appendix 1.
The following databases were searched: Medline, PsychInfo, Embase, CENTRAL, CINAHL, Google Scholar (first 100 citations) and Database of Abstracts of Reviews of Effects (DARE). Unpublished literature was searched from OpenGrey and Index to Theses and Science Citation Index. Reference lists of included studies were hand searched and papers citing key papers screened.
Milward et al.
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Data collection and analysis
All studies identified were downloaded into EndNote X7 and duplicates removed. Two members of the review team independently screened article titles and abstracts (JM and SFC) in May and June 2016. Full texts were retrieved for relevant studies and eligibility assessed. If any discrepancies arose these were discussed by the two reviewers until a consensus was reached. Data from eligible papers was extracted into a template adapted from the Cochrane Collaboration's tool for assessing risk of bias. 39 The extraction form was piloted using a representative sample of the studies by one reviewer (JM).
Data synthesis
Reporting was based on PRISMA guidelines. 24 At protocol stage, meta-analytic techniques had been planned; however, they were determined to be inappropriate for comparison of the studies in the current review. This was due to high heterogeneity both in terms of outcomes as well as for type of EPS evaluated. The studies included evaluated a broad range of EPSs, including reminders, incentives and tailoring, and pooling these effects would not have been appropriate. Equally, there was high variability between outcome measures, which again were not appropriate for pooling. Consequently a modified version of narrative synthesis 40, 41 approach was used. Narrative synthesis is recommended by Cochrane when traditional meta-analytic approaches are not appropriate. 42 As meta-analytic approaches were not appropriate, selection of a single primary outcome was not necessary (if studies reported more than one primary outcome), therefore, all engagement outcomes were reported.
Narrative synthesis adopts a textual approach and aims to provide both a summary of the knowledge-base and a rigorous evaluation, providing a robust interpretative synthesis of the effectiveness of the intervention in question. There were three stages to the modified approach to narrative synthesis: (1) developing a preliminary synthesis; (2) exploration of relationships in the data; (3) assessing the robustness of the synthesis product. A number of different tools and techniques are available for the stages above, depending on the type of studies included. At the beginning of the synthesis process the available tools and techniques were evaluated in terms of their relevance to the data by reviewer JM (see Appendix 2).
Assessment of risk of bias and robustness in included studies
Risk of bias was determined using the Cochrane's Collaboration tool. 39 Each study included was evaluated for risk of bias and was coded as low-risk, high-risk or unclear risk, taking into account random sequence generation, allocation sequence concealment, blinding, incomplete data and selective outcome reporting. Other bias was considered, including selection bias, sample size, power and baseline characteristic differences between groups. A risk of bias summary was generated (see Appendix 2) .
Results
Summary of search results
A total of 511 records were found. After removing duplicates 342 records were available for abstract screening. Of these, 48 studies went forward for fulltext review. Thirty-three studies were excluded, the most common reason being lack of a suitable comparison group (see Figure 1) .
Characteristics of included studies
In total, 15 studies were included. All of the studies were computer, web-based interventions (as opposed to smartphone or tablet). Characteristics of studies are described in Table 1 . Eleven studies targeted tobacco-use, 29, 35, 4351 three studies targeted alcoholuse 2, 53, 53 and one study targeted cannabis-use. 54 Two studies used a factorial RCT design 35, 29 and the remaining studies compared conditions with varying EPS types. The content and theoretical framework of the online interventions varied, but at minimum included information and advice for cutting down. Table 1 details the characteristics of the studies.
Quality of included studies
The studies varied in quality and level of risk (see Appendix 2) . An overall score of quality was calculated for comparative purposes by summing the 'low risk' scores for each bias category (see Appendix 3) . The studies with the least bias were McClure et al., 35 Houston et al. 45 and Stoddard et al. 56 These studies reported rigorous methodologies and were of high quality.
Engagement outcomes were measured automatically so there was no blinding of outcome data bias. For missing outcome data, there was low risk of bias overall due to objective measuring. However, one study 48 excluded 6% of participants who did not log on at all and another 50 excluded 65 people who spent less than five minutes on the website, which may have introduced an element of bias. Engagement measures were only reported in three protocols 57 but were pre-specified in the methods of 11 papers. 29, 35, 43, 4548, 5254, 56 4
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There was potential bias of insufficient power in all studies as power analyses for engagement were not reported. Two studies 47, 51 had sample sizes of below 100 participants. Self-selection bias was found in the majority of studies, particularly for those who recruited using online and print advertisement. 2, 43, 44, 4654 Research question 1: to identify the most prevalent EPSs utilised to increase use of online SUIs
Five individual EPSs were identified: (1) tailoring; (2) reminders (3); delivery strategies; (4) social support; (5) incentives. An additional category, 'multi-component', was created for studies which compared a basic version of an app with an enhanced version. Due to this study design, it was not possible to disentangle the effects of individual components of EPSs on engagement in these studies.
The most frequently reported EPS was tailoring, with seven studies (47%) using this technique.
Ten different sub-types of tailoring techniques were identified (see Table 2 ). The most frequent sub-type of tailoring was to level of readiness to quit 4345, 62 (40% of tailoring studies, n ¼ 4) and to self-efficacy and barriers to quitting 29, 35, 44 (30% of tailoring studies, n ¼ 3). This was followed by tailoring to abstinence status, 2, 63 goals and motivations for quitting 2, 29 and testimonials/ success stories (20% of tailoring studies, n ¼ 2 for each sub-type). All other sub-types were included in only a single study. 45 Reminders 29, 35, 43, 45, 46, 62 and social support 54, 43, 45, 46, 56, 62 were used in six studies (40%), delivery strategies 29, 34, 35, 49, 53 in five (33%). All reminders were via email. The most popular delivery strategy techniques were using multimedia content 34, 49 and variations on the timing of delivery of content. 29, 53 Social support was either peer led, 43, 46, 56 therapist led, 54 or a combination of both. 45, 62 Incentives were used in two studies, 47, 51 including rewards contingent on abstinence or engagement. Two studies used a multi-component design. 43, 63 Research question 2: to determine whether the identified EPSs increased engagement with online SUIs Table 3 provides an overview of the effectiveness of the different strategies. There was a lack of standardised reporting of engagement outcomes which made pooling of effects an unsuitable technique.
Effectiveness of EPSs
Where independent effects could be reported, these are described under the relevant EPS category below. Unfortunately, due to two studies 44,63 using a multicomponent design comparing a basic with an enhanced version of a SUI, which included multiple EPSs together, examination of the effects of the individual strategies reported in these studies in Table 2 was not possible. The synthesis below includes only studies where individual effects of EPS categories could be reported. 45 There was high variability between the types of tailoring features used, with 10 different sub-types included overall (see Table 2 ). Four out of seven studies tailored to more than one factor at time, subsequently, unless specified, results of individual effects of sub-types must be considered with caution. 2, 44, 45, 63 Tensil et al. 2 compared two self-help programmes which provided automated feedback tailored to abstinence status (drinking level). Both original and revised versions included tailored feedback on participants' 14 DIGITAL HEALTH alcohol-use at baseline, general information on control strategies and a drinking diary. In the revised version participants received additional daily tailored feedback messages on abstinence status and goals/motivations to quit. The authors reported increased diary usage in the revised arm compared with those in the original arm. Individual effects of the tailoring sub-types were not reported. Strecher et al. 29 used a factorial design allowing for comparison of sub-types of tailoring EPSs, randomising participants to one of two levels of five different treatment components, four of which compared a high level of tailoring with a low level of tailoring. The tailoring components were: (1) depth of outcome expectations (such as health and lifestyle factors and motivations for quitting); (2) depth of efficacy expectations (such as barriers to quitting); (3) depth of success stories where participants received a hypothetical story tailored to the participant; (4) 'personalised source' where messages were presented as either friendly or informal. Analyses revealed that participants receiving high-depth tailored self-efficacy components and highdepth personalised source components opened significantly more web-sections.
Elfeddali et al. 45 compared two versions (low and high) of a tailored web-based programme targeting smoking cessation in adults whereby the level of tailoring was manipulated. A questionnaire only control condition was also included. In the low tailored group respondents received tailored feedback prior to their quit attempt. Feedback was tailored to: self-efficacy, readiness and motivations to quit and preparatory planning. In the enhanced group (APþ) participants received additional tailored feedback post-quit attempt to self, efficacy, recovery self-efficacy, mood/negative affect and level of planning. Providing additional tailored feedback after the quit attempt resulted in more planning assignments being completed, suggesting that a higher dose of tailoring, consistent with Strecher et al. 29 above, is more effective. However statistical tests were not completed.
McClure et al. 35 used a factorial design, randomising participants to one of two levels of the four experimental factors. One of these factors was tailored; participants received three highly tailored testimonials (or not) targeting self-efficacy. Tailored testimonials did not significantly affect engagement.
Reminders
Six studies reported reminders as an EPS. 29, 35, 43, 45, 46, 62 Four studies examined the individual effects of use of reminders, which are reported here. McClure et al., 35 using a high quality factorial design with a large sample size (n ¼ 1865), randomised participants to one of two levels of four experimental factors. The authors examined whether reminders increased website visits, content pages and areas viewed and minutes spent online for an internet-based smoking cessation programme. Reminders significantly increased visits, views and minutes spent online compared with participants who did not receive reminders.
Mun˜oz et al. 47 examined a basic version of an online smoking cessation guide compared with three other versions of increasing complexity. The basic version included an instruction guide, cigarette counter and online journal; the second version included the basic version plus reminders; the third included version two plus mood management lessons and the fourth version included version three plus social support. Conditions with reminders had significantly higher tool usage (cigarette counter and diary usage) than condition one.
Strecher et al. 29 also used reminders in one factor of their five factor RCT. The authors reported that this EPS increased engagement; however, this result needs to be considered with caution as the use of reminders was combined with a manipulation of delivery strategy (timing of message source) so the extent to which reminders were independently associated with engagement is not known.
Finally Houston et al. 46 delivered a quit smoking website, with three arms of increasing complexity: basic, enhanced and enhanced plus. The enhanced group included the intervention from the basic arm as well as the addition of email reminders; the enhanced plus included the same content as well as a social support feature. Participants in the enhanced plus logged in more times than in the basic version, but not compared with the enhanced version, suggesting an effect of reminders upon engagement.
Delivery strategies
Five studies reported delivery strategies as an EPS. For the purpose of this review, 'delivery strategies' refers to EPSs which manipulate the type of delivery method of the intervention, for example, text versus video. Three out of five of the studies reported increases in engagement. 29, 49, 52 Multimedia delivery of information may be an important delivery strategy to promote engagement, as may be providing information all at once, as opposed to in stages. However, with the exception of Strecher et al. 29 the studies in this EPS category were of low quality (see Appendix 3) .
Two of the studies compared text-based with multimedia-based delivery formats (Lieberman 52 and Stanczyk et al. 49 ). Lieberman 52 examined the number of feedback modules completed in a study examining text versus multimedia messages for an adult web-based alcohol screening and personalised feedback programme. In one arm participants received all feedback in HTML text, whilst in the other, feedback was delivered in multimedia format. The multimedia arm consisted of a 'personified guide', where results were presented by a photograph of a woman who would guide participants through the feedback process. Participants in the multimedia arm viewed significantly more feedback modules than participants in the textonly group.
Stanczyk et al. 49 conducted a RCT examining the delivery strategy of feedback messages in a single session web-based smoking cessation programme. Participants received feedback either by text or by video. Participants in the video condition spent significantly more time online (minutes) than those in the text condition.
The three other studies manipulated the delivery schedule of feedback. 29, 35, 54 Strecher et al. 29 used a factorial design randomising participants to one of two levels of five different treatment components, one of which was the delivery strategy of the intervention materials. Participants received the materials either all at once (single exposure) or over the course of five weeks. Participants in the single exposure arm opened significantly more web-sections than participants who received the content over the course of five weeks. However, this result needs to be considered with a caveat: reminders were also included in this factor and it is not possible to disentangle which EPSs were having an influencing effect.
Schulz et al. 54 conducted an RCT of a web-based, three session tailored intervention targeting problem adult drinkers. Participants were randomised to a control group or the experimental group, which was divided into two sub-groups: alternating and single exposure. In the alternating group participants received alternating questions (three in total) followed by personal advice. In the single exposure group, participants answered all the questions and were given the personal advice all at once. The feedback messages were the same for both groups. In the alternating condition, significantly fewer participants dropped out after the first session; however, there were no differences in programme completion at three and six months.
McClure et al., 35 using a high quality factorial design, manipulated navigational autonomy where participants could view content in any order or a pre-specified order. The authors also manipulated message tone, which was either prescriptive (in a didactic tone) or motivational. Dictated navigation significantly improved engagement on three out of four measures (content areas viewed, content pages viewed, cumulative duration), whereas prescriptive message tone significantly increased engagement on two out of four measures (content areas viewed, content pages viewed).
Social support
Six studies reported social support as an EPS. 44, 46, 47, 55, 5763 Four studies examined individual effects of social support features. 46, 56 Results for the use of social support as an EPS were inconclusive. Two studies reported peer social support as an EPS.
54,46,56 Stoddard et al., 56 in a very high quality study with large sample size (n ¼ 1375), examined the effect of a social bulletin board where users could interact with each other within a self-help smoking cessation programme. Stoddard reported two engagement outcomes: visit duration (minutes) and number of visits to pages; the authors reported an increase in visit duration but not in visits to pages.
Mun˜oz et al. 47 also used social support as a strategy, including in one of the four arms of the trial was an online social support group. The arm with a social support feature did have higher engagement (cigarette counter usage) compared with the arm with only email reminders as an EPS. However, included in the arm with social support as an EPS was a cognitive behavioural mood management course, with may also have had a moderating effect upon engagement, therefore these results need to be considered with caution.
Another study reported online therapist guidance as an EPS. Schaub et al., 54 in a good quality study, examined whether the addition of chat counselling to a webbased tailored self-help programme for adult cannabis users increased feature usage (module and diary completion). The results for the two engagement outcomes were conflicting: participants in the chat-counselling arm did not complete significantly more modules than those in the original arm. However, participants in the chat-counselling arm did complete significantly more diary entries than those in the original arm.
Houston et al. 46 included a peer and therapist led social support group in the enhanced plus condition of a three arm trial (basic vs. enhanced vs. enhanced plus) of a quit smoking website and reported that the addition of a peer and therapist led social support group did not increase engagement over the enhanced arm, which included the basic component plus reminders. As reminders in the enhanced arm increased engagement compared with controls, this suggests an effect of reminders not of social support.
Incentives
Two studies examined the effectiveness of incentives to improve engagement. 48, 52 These results were conflicting, with one study reporting increases in engagement only for participants who had already engaged. These studies were of low quality and reported small samples sizes (see Table 2 ).
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Ramo et al. 48 conducted a smoking cessation intervention on Facebook and examined the effect of different incentives on the number of likes and comments posted on the Facebook pages (as a proxy for engagement). There were three incentive conditions: (1) no incentive; (2) altruistic incentives where a $50 gift card was given to charity if participants commented on all 90 posts posted on the group's Facebook page; (3) personal incentives where participants were given a $50 gift card for commenting on all posts. Analyses reported that there were no differences in engagement between incentive arms. However, for those who had already engaged and commented at least once, personal incentive condition made significantly more comments than the other two conditions.
Stoops et al. 52 also examined whether incentives improved engagement with an online smoking cessation website; however, incentives were not specifically targeting engagement: participants either received incentives contingent on recent smoking abstinence, or received incentives independent of smoking status. The authors measured the number of online videos participants posted to the website, which captured participants giving CO readings. There was no significant effect of group on odds of posting videos to the website.
Multi-component designs comparing a basic version with an EPS enhanced version
Two studies compared a basic with an enhanced version of the intervention. 44, 63 The enhanced versions incorporated a range of EPSs including: interactivity; tailoring; multimedia; reminders; online therapist guidance and social support. Both studies reported significant effects between basic and enhanced versions. Due to the study designs it was not possible to examine the effect of the individual strategies, therefore the EPSs in this category were considered together. Danaher et al. 44 compared a basic and enhanced version of a web-based smokeless tobacco programme targeting 1425 year olds. The enhanced version included four additional strategies compared with the basic self-help programme (interactivity/tailoring/multimedia/reminders).
The authors reported significant increases in logins and duration of visits for the enhanced version. In a similar study, Severson et al. 63 examined the use of six different strategies (interactivity/tailoring/social support/reminders/multimedia) in an enhanced versus basic study for smokeless tobacco users. Both logins and visit duration (minutes) were higher in the enhanced version.
Discussion
This systematic review of the effectiveness of engagement promoting strategies in online SUIs has focused on evidence from RCTs, with the majority of studies targeting tobacco cessation. This review is the first to explore which EPSs are effective specifically in substance-use populations and the first to use Cochrane Methodology, with previous reviews examining more generally the health behaviour change literature.
Five different EPSs were identified: tailoring; reminders; delivery strategies; social support; incentives. Overall, the strongest evidence points to the use of tailoring, email reminders and multimedia and single exposure delivery strategies to improve engagement. Social support features demonstrate inconclusive results and may be effective in promoting some engagement behaviours but not others. Incentives did not demonstrate effectiveness.
Tailoring demonstrated promising results, which is consistent with previous research. 18, 22, 66 Tailoring has been hypothesised to be effective because it adapts the intervention to specific attributes of the user. 19 In the alcohol field tailoring has been demonstrated to improve the intervention by making it more meaningful and relatable to the user, 67 increasing their likelihood of engaging with the intervention content. Tailoring to self-efficacy demonstrated tentatively positive results, with a higher dosage of tailoring improving engagement. 29, 45 Tailoring to goals/motivations to quitting was inconclusive as one study provided positive results, 2 but in combination with another tailoring sub-type (abstinence status). The other study 29 also included this sub-type in combination with another (health and lifestyle factors) but did not report an effect of higher dosage on engagement. Tailoring to a friendly, personalised source was effective, but was only examined in a single study, 29 as was tailoring to abstinence status. 2 There was high variability between the types and combinations of tailoring features used in this review (see Table 2 ) and disentangling which subtypes of tailoring EPSs are the most effective remains a challenge. Therefore these results need to be considered with caution: Only two studies 29, 35 examined effects of individual sub-components in isolation. Elfeddali et al. 45 and Tensil 2 examined tailoring sub-types of self-efficacy, abstinence status, goals and motivations, mood and level of planning in combination, therefore work is needed to experimentally study the influence of individual tailoring strategies to confirm these findings. Furthermore, the descriptions of how tailoring was utilised in the studies was often limited, and specific details on how tailoring was modified in the studies, for example how interventions were tailored to 'self-efficacy', were lacking, making it difficult for the design of future interventions to replicate the effective components.
In a recent meta-analysis, the use of reminders to improve engagement with digital health interventions showed small but significant results. 23 This supports the findings from the current review. Given the wealth of research from the broader healthcare field for the effectiveness of reminders to improve engagement with healthcare services, 68, 69 there is again a need for further high quality research to examine the role of reminders in promoting engagement with online substance-use interventions.
The methods through which content is delivered demonstrate potential to increase engagement. Perski et al. 18 highlight that when users have control over how they view content, and have free choice over when they interact with it, evidence points towards higher engagement rates. Equally, this review found that multimedia content had higher engagement rates than simple text based content. This maps onto the concept of usability and aesthetics, which have been demonstrated to be key factors in engagement. 70, 71 For example content which is well presented and easy to digest is more likely to be utilised than content which is difficult to navigate or read, which is supported by the findings in this review.
Social support, whether by peer or therapist, was an effective strategy to increase engagement in a previous review by Brouwer et al. 9 However, in the current review, social support features were highly inconclusive and had differential effects on engagement depending on which engagement measure was used. This points to specific EPSs targeting different engagement behaviours. User engagement research has reported that social or 'community' features are highly desired in apps for cutting down alcohol-use. 67 With numerous studies pointing to social support being a useful tool to promote behaviour change, [72] [73] [74] further research is warranted. It was surprising that the two studies examining the effect of incentives on engagement did not report positive results. In the substance-use field, providing voucher or prized-based reinforcement for abstinence from drugs as well as treatment adherence is effective. 68, 75 One potential moderator may be the influence of motivation level on engagement; in the present review, Ramo et al. 48 saw an increase in engagement compared with controls only for participants who had already engaged by posting previously. If incentives work to promote engagement in users, it may only be in those motivated to reduce their use already; however, this hypothesis needs further testing.
The evidence also suggests that using a multi-component EPS approach is more effective than a single EPS. Both studies using this approach demonstrated an effect of multi-component strategies compared with no strategies. Furthermore, in the Mun˜oz et al. 47 study, reminders were significantly more effective compared with a basic version, but the addition of social support was more effective than reminders alone, pointing towards an additive effect of using multiple strategies.
Various theoretical models have been proposed to explain the mechanisms behind user engagement with online health interventions. Persuasive system design has been influential in the engagement field, proposing that technology has the capacity to influence, reinforce, change and shape attitudes or behaviours through supporting users to achieve the main objective of the technology. 76 Techniques such as monitoring, feedback, tailoring, aesthetic design, novelty, credible source and social support have been proposed to influence usage with online interventions. 77, 78 This model has been further extended by Short et al. 20 to consider individual, environmental and technology level factors that may moderate engagement. In a recent conceptual review, Perski et al. 18 hypothesise that engagement is directly influenced by the context, content and delivery of the intervention as well as characteristics of the population; however, further investigation into these associations is warranted as evidence is tentative. Engagement models have been concisely described in a scoping review by Ryan et al. 79 All the studies were computer web-based, despite the increasing availability of app-based SUIs downloadable from the app stores. 67 Coupled with a lack of evidencebased design for these programs, 80 there is a need for rigorous evaluation of engagement in app-based interventions. How people use computer-based interventions may be different from how they use app-based interventions. For example, whether a smartphone or computer is being used may influence the amount of time a user engages with an intervention. Users may also respond differentially to engagement features depending on delivery mode. This review was unable to explore any of these issues; further exploratory work would be beneficial.
An inductive approach following Cochrane methodology was used here to identify EPSs. However, due to this rigorous approach there may remain EPSs identified in other frameworks that were not identified in this review, such as novelty, aesthetics and system credibility. 18, 19, 81 Unfortunately, to date, these EPSs have not been evaluated using a RCT design within the SUI field, therefore whilst they are potentially promising techniques, further research is warranted.
One issue which has yet to be defined in the engagement literature is how best to measure it, both quantitively and qualitatively. As this review highlights, many different measures are used, with no consensus between researchers, and conflicting results, whereby an EPS will have antipodal effects on different engagement measures. Perksi et al. 18 suggest that multiple 18 DIGITAL HEALTH dimensions of engagement should be utilised, for example self-report, web metrics and physiological or psychophysical correlates of e-health interaction. However, as Yardley et al. 82 highlight, we still do not fully understand what constitutes 'effective engagement' and how to measure it. Engagement is a complex and dynamic behaviour, and it has been argued that simply 'increased engagement' measured via web metric data as is typical with existing RCTs might not equate to 'effective engagement'. For example, non-or ceased engagement could signify that the intervention has been effective whilst sustained engagement might suggest that the user is not learning to self-regulate independently and is over-relying on the intervention. Therefore defining the most appropriate measures of engagement in the context of each individual intervention is important as a 'one size fits all' approach may disregard nuanced differences between engagement behaviours.
Limitations
The major strengths of this review are its rigorous methodology using Cochrane Guidance. However, fewer studies were identified than expected and metaanalytic techniques could not be applied as had been planned. The size of effect of the different strategies could therefore not be measured across studies, so reporting of results here is tentative. Further high-quality trials examining the effect of EPSs need to be conducted, reporting consistent engagement outcomes, in order for measures of effect to be established.
There was high heterogeneity of engagement outcomes reported in the studies, an issue which has been highlighted in previous reviews. 9, 22, 23, 83 Until a consistent measure of engagement is used by researchers, reviews comparing the results of different outcomes need to be considered cautiously. In the current review, four studies reported conflicting engagement results depending on the engagement measure used, demonstrating the inconsistencies different measures of engagement can produce. Future work needs to establish whether there is an optimal 'engagement outcome', or combination of outcomes, for future evaluations to consider. Brouwer et al. 9 reported that different engagement features influenced different engagement behaviours, for example, peer support was associated with a longer website stay and email contact was related to more logins. This suggests that there may not be one outcome appropriate for measurement of all types of engagement strategies.
This review considered only high quality RCTs; however, it is recognised that as engagement is a complex and multi-faceted issue, 84 studies employing other designs also provide important data to the field.
Future work may benefit from consideration of qualitative work alongside RCTs to elucidate further the inconsistencies in findings.
Piloting of search strategy and review of relevance of techniques for narrative synthesis were conducted by only one reviewer (JM), potentially introducing bias.
It is noted here that only two of the RCTs in this review cited engagement as their primary outcome. Therefore the majority of studies may not have been powered to detect effects.
The majority of the studies examined adult smoking populations so the limitations in the generalisability of these findings are acknowledged. However, as the findings are in line with evidence from other healthcare areas, the results of this review are potentially applicable across the substance-use domain. It is also possible that the differences in effect of EPSs compared with controls were due to the EPS arms taking longer to deliver than controls and therefore required more user time and engagement. This is most applicable to the studies which examined an enhanced compared with a basic version.
Conclusion
This review has identified five strategies used to promote engagement in online substance-use interventions and has highlighted that interventions that use tailoring, reminders and multimedia and single-exposure delivery are potentially effective. The evidence for social support is highly inconclusive. Incentives need to be studied more thoroughly. Promoting engagement is crucial to optimally deliver the harm reduction interventions in online programmes; however, more consistent reporting of engagement outcomes and further research are still required.
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